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ABSTRACT

The purpose of this report is to document the performance characteristics
of the radar section of the 4-8 GHz Microwave Active and Passive Spectrometer
(MAPS) system. The system was designed, built and tested at the University of
Kansas Center for Research, Inc., during spring ond early summer of 1972. Data
collected during August and September of 1972 includes two types of targets: bare
ground (about 5000 data points were collected) and agricultural crops such as corn,
milo, soybeans, and alfalfa (over 45,000 data points were collected). The data

is undergoing processing and analysis and will appear in forthcoming volumes,
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1. INTRODUCTION

During the past three decades numerous measurements have been made of
microwave backscatter and emission from selected targets at isolated frequencies.
The available data from ground-based and airborne scatterometers and from un-
calibrated imagers suggests that information is contained in the spectral response,
but lack of suitable deta that can be compared, and of continuous spectral data,
makes such conclusions tentative. Furthermore, understanding of the mechanisms of
scattering is lacking for complex targets such as vegetation and layered ground,
At the Remote Sensing Laboratory of the University of Kansas we are currently
conducting a comprehensive program of research designed to answer many of these
questions, and provide information for designers both of radar s;;/stems and of radar-
based information systems.

The concept of broad-band multi-spectral radar imaging was propesed by

Moore, Rouse, and Wcﬁtez, and a system to verify the value of this "polypanchromatic
radar” was constructed by Wcites. Waite's system used very short pulses to produce
images over a broad band ond also to gather backscatter data. This system was first
used in 1969, but produced calibrated spectral responses only in 1970, Difficulties
encountered in making the pulse system operate to the 16 meter minimum range required
by the truck then available suggested that the system should be converted to an
FM-CW one, and this conversion was made during 1970-71 by Moe, who collected
backscatter observations from crops during July ]9714. Moe's measurements, like
those of Waite, covered the 4-8 GHz frequency range, and angles of incidence from
vertical to 70°.

The present 4-8 GHz system was built using the basic FM=CW design started
by Moe, but with many refinements and improvements. It was completed during
the summer of 1972, Over 50,000 data points were gathered manually during August
and September. A computer-controller under construction will permit recording
data automatically faster, and more accurately, Such a system was used on Waite's
pulse~modul ated radar, but Moe did not build one, and Waite's controller was not
readily adaptable to the FM-CW system.

The preseni system uses separate antennas for transmitting ond receiving,
whereas Moe used a single antenna, except for a brief trial period, With the two
antennas, automatic switching of polarization is possible, and cross-polarized returns

may be measured. Calibration of the current system incorporates a delay line and a



Luneberg lens, both of which are helpful in frequent field calibrations, whereas
Moe ard Waite used a metal sphere whose cross-section was so small that field
operations were difficult. Numerous other improvements were made in the system,
so the data collected in 1972 should be much more relicble than those collected
ecrlier.

Microwave radiometer capability was also built into the present system,
although the unfortunate theft of the calibration noise source on the first day of
field operations prevented collecting passive emission data during 1972.

The experiment objective is to measure the active and possive spectral
responses of several natural, cultivated, and man-made surfaces over the 4-18 GHz
region of frequencies for look angles between 0° and 70° and for all possible linear
polarization combinations. Soil and plant samples are collected to measure their
dielectric properties over the same frequency range and their moisture content.
Antenna and component frequency limitations have dictated the need for constructing
three systems to operate over the 4~8 GHz, 8-12 GHz and 12-18 GHz bands.

A tentative design has been completed for a single system capable of cover-
ing the entire 8-18 GHz band (in lieu of the fwo bands 8-12 GHz and 12-18 GHz).
We hope to have this system completed by June, 1973, The frequency range of the

low frequency system will also be extended down o 2 GHz.



2. QVERALL SYSTEM PERFORMANCE

The MAPS system utilizes two parabolic dish antennas mounted parallel on
the same platform, which in turn is mounted onto an anfenna positioner. The two
antennas have been aligned, both mechanically and electromagnetically on an
antenna range, for maximum overlap of their main beams over the 4-8 GHz range.
One of the antennas (2.5~foot diameter) is used for fransmission and the other
(3-foot diameter) is used for reception of both radar and radiometer signals {rodar
transmitter is turned off when the radiometer is operating). The anfennas and some
of the RF components are mounted atop o 75-foot fruck-mounted boom (Figure 1).
The operator can point at the target of interest af any incident angle between 0°
(normal) and abouf 75° and af any azimuth angle. The FM-CW rador produces a
return usually r.werc:ged over 400 MHz for each of two orthogonal received polari-
zations, one of which is the same os that transmitted. By properly switching the
two polarization mounts at the antenna feed of each of the two antenncs, the
scattering coefficient can be measured for all four polarization combinations. The
radiometer has a single channel, but again by proper switching, can provide
antenna temperature measurements at both polarizations. All switching modes are
remotely controlled from the van heusing the electronic equipment. This capability
insures that the multi=paierizction and multi-frequency active and passive data
gathered at a given look angls is indeed from the same target area.

Figure 2 is a block diagram of the overall RADSCAT SPECTROMETER system.
The radar and the radiometer receivers share two major parts: 1) the receive
antenna, and 2) the same RF source provides local oscillator signals to both
receivers (the two receivers do not operate simultaneously). Table 1 is a configuration
matrix for the different operational modes. Table 2 is a summary of the operational
characteristics of the radar sub=systems.

Figure 3 is a photograph of the antennes and some of the components mounted
atop the boom. Note the presence of a TV camera mounted behind the feed of the
3-foot dish receiving antenna. The camera is connected to a TV monitor housed
inside the van housing the electronic equipment.

Detailed discussion of the radar section will be covered in forthcoming

sections. The antennas, however, will be covered separately under the next section.



Figure 1. Photograph of the MAPS System During Operation.
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TABLE 1, CONFIGURATION MATRIX
Mode Switch #1 Switch #2 Switch #3 Transfer Switch Manual Switch
Radar: calibration Ctol Cto3 Cto?2 NA Antenna to Transfer Switch
HH polarization Ctol Cto?2 Ctol 4to1 Antenna to Transfer Switch
HV polarization Ctol Cto?2 Ctol 2tol Antenna to Transfer Switch
VV polarization Ctol Ctol Ctol 2to1 Antenna to Transfer Switch
V H polarization Ctol Ctol Ciol 4tol Antenna to Transfer Switch
Radiometer:  calibration Cto?2 Cto3 Cto?2 4t03 Load to Transfer Switch
H polarization Cto3 Cto3 Cto?2 4t03 Antenna to Transfer Switch
V polarization Cto3d Cto3 Ctlo2 2t03 Antenna to Transfer Switch




TABLE 2,

Type: - FM-CW
Modulating Wave Form: Triangular
Frequency: 4-8 GHz
FM Sweep: AF 400 MHz
Transmittey Power: 5 watts
Noise Figure: 18 dB
IF Frequency: FIF 87 KH=z
IF Bandwidth: AFIF 5 KHz
Antennas:
Height above ground 67 feet
Transmitting antenna diameter 2.5 feet
Receiving antenna diameter 3.0 feet
Feeds ridged waveguide, dual polarized
Effective Beamwidths
Measured Antenna Gain of Product Patterns*
Frequency 2.5foot (Transmit) 3-foot (Receive) Azimuth Elevation
4 GHz 28.8 48 27.8 dB 3.8° 4.0°
6 GHz 32.2 dB 33.2d8 . 2.7° 3.2°
8 GHz 29.1dB 27.8 dB 2.8° 3.0°
Gp - Gy



Figure 3. Photograph of the two antennas mounted
on the tip of the boom. Note the TV
camera mounted behind the 3' dish feed.



3. ANTENNAS

At normal incidence, the distance between the antennas and the ground
target is cbout 67 feet. The choice of antenna size is dictated by three related
criteriax 1) antenna gain, 2) antenna beamwidth, and hence size of illuminated
area, and 3) minimum required separation between antenna and target to insure
plane wave representation (far field distance). At a given frequency, the beamwidths
decrease with antenna size while the gain and far field distance increase. In
order for the measured radar return and the microwave emission from « given target
area to be spacially representative of that target, it is essential that the area be
large enough to include several representative samples (such as corn stalks if the
target area is a corn field). On the other hand, if the illuminated area is too
large (beamwidth larger thon 4-5%), we will lose look angle information, especially
near normal incidence where the scattering coefficient varies rapidly with look
angle. As o compromise, a 3-foot diameter and a 2.5-foot diameter parabolic dishes
were chosen as receiving and transmitting antenncs, respectively. The 3-foot dish
was chosen as the receiving antenna because the illuminated area seen by the
radiometer is defined by the pattern of the receiving antenna above, while the
illuminated area seen by the radar is proportional to the product of the fransmitting
and receiving antenna patterns (this is discussed in more detail in section 5). Thus,
the cbove choice insures closer sizes of illuminated areas os seen by the radar and
by the radiometer as confrasted to the alternate assignment (transmitting antenna =

3-foot dish end receiving antenna = 2.5-foot dish).

3.1 Far Field Distance

Figure 4 compares the for field distance os a function of frequency calculated

according to the standard criteria:

2
_ 2D
dpin= "3 (1
and the less stringent criteria:
Dz
dwin = 2)
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where D is the antenna diameter and ) s the wavglengrh (all parameters given

b)é the same unifs). Both antennas satisfy the 2)? criteria at 4 GHz and the

%— criteria at 8 GHz.

3.2 Antenna Pafterns

The two antennas were mounted on a steel plate, which was then mounted
on the antenna positioner atop the receiving tower of the antenna range located on
the roof of the Space Technology building at the University of Kansos. The 3-foot
dish antenna was rigidly mounted while the 2.5-foot dish was designed fo have its
supporting rods adjustable in length, thereby enabling us fo rotate its axis a few
degrees toward the direction of the 3-foot antenna axis. This flexibility allowed
us to "focus" the two antenna beams such that their patterns appear overlapping for
ony target of a distance of 65 feet or greater.
Each of the two antennas used a ridge waveguide dual polarized feed.
A subminiature polarization switch was attached to the back of the 2.5-foot transmit
antenna and a subminiature transfer switch, a radiometer calibration switch, and a
small TV camera were attached to the back of the 3-foot receive antenna (the
function of the switches is discussed in section 4). Since the presence of the TV
camera and the switches could alter the shape of the antenna patterns, all measure-
ments performed in aligning the two antenna beams were made ofter rigidly mount~
ing all the switches and the TV camera (but allowing for minor adjustments of the
TV camera postion in the vertical and horizontal planes with adjustable screws) to
the feeds. After mounting the two antennas on the flat steel plate, the fotlowing
procedure was followed:
1. For each antenna, elevation and czimuth power potferns were measured
at 4, 6 and 8 GHz. This was repeated for several feed positions
(distance from the center of the dish) around the theoretically calculated
value until an optimum pattern was realized (in terms of beamwidth
and side lobe levels.) The objective was not to optimize gain, but
instead, it was to have about a constant beamwidth over the 4-8 GHz
band, which necessitates a slightly defocussed feed pattern. The final

patterns are shown .in Figures 5-6.

1
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2. The gain of each of the two antennas was measured at 4, 6, and
8 GHz by applying the substitution method (using standard gain
horns). The results are included in Table 2.

3. With the 3-foot dish set at maximum signal, fine adjustments were
performed on the TV camera position until the crossing point of the
two cross hairs on the TV monitor was superimposed on the center
of the image of the transmitting horn anfenna.

4. By using the same chart on the circular recorder, the patterns
of the two antennas were recorded by alternately switching the
receiver from one antenna to the other after o complete pattern had
been recorded. This was repeated at 4, 6, and 8 GHz for both elevation
and ozimuth patterns. The axis of the 2,5~foot dish was moved in
azimuth with adjustable screws {which in effect vary the length of two
of the rods connecting the antenna to the steel plate) until one of the
beams enclosed the other (since the two antennas are not the same
size). As expecled, the 2.5-foot dish had a larger beamwidth than
the 3~foot dish (at a given frequency), but the gain of the 3-foot
dish was smaller than that of the 2.5-foot dish at 4 and 8 GHz. These
results are apparent in the measured patterns shown in Figures 7-9.
The decrease in the gain of the 3~foot dish at 4 GHz is probably
caused by spitlover losses due to the wide beamwidih of the antenna
waveguide feed. [f these losses were to be reduced by changing the
feed position, the antenna pattern at the higher frequencies seemed to
suffer. At 8 GHz, on the other hand, blockage due to the presence
of the TV caomera behind the feed appears to be the dominant factor
for the loss in antenna gain.

Since the radar return is proportional to the product of the gain
patterns of the transmitting and receiving antennas, it was necessary o
calculate this product (Figures 10-12) and evoluate an effective
beamwidth. The effective beamwidth was determined by integrating
the area under the product pattern {linear scale) bounded by o =20 dB
reference (0.01 below the maximum) and dividing by 100, The area
was integrated using a Hewlett Packard 9125B calculator plotier. The

results are also shown in Figures 10-12,

18
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3.3 Illluminated Area

The apparent temperature of o target observed by the microwave radiometer
represents a spatial average of the radiometric temperature over the target area
“iNuminated” by the antenna. If the solid angle subtended by the target area is at
least as large os the antenna beam solid angle, then the size of the area does not
appear as an explicit parameter in calculating the target radiometric temperature.,
This condition is of course always satisfied when observing area extended fargets
such as the earth's surface.

The radar return, however, is directly proportional to the target cross
section, o, which inturn, is defined in terms of an average scattering coefficient

c°:

®= o/S (3)

where S is the illuminated area. Hence, to determine ¢, it is essential that S
be known. In general, the shape of the illuminated area (bosed on the beamwidth
equivalence) is an ellipse whose major and minor axes are functions of the antenna

beamwidths, the look angle, and the range:
S= TAB 4)

where 2A and 2B are the major and minor axes of the ellipse projected on the ground
as shown in Figure 13. The expressions for A and B are derived in Appendix A.

The actual area responsible for the measured part of the radar return is confined in
range to the IF filter bandwidth (discussed further in section 5), thereby modifying
the expression for S given by Eq. 4. The modified expressions and a listing of the

computer program used to calculate S are alse given in Appendix A,

4, RADAR SECTION

The radar section of the RADSCAT SPECTROMETER is a FM=CW system; ifs
block diagram is shown in Figure 14, A 4-8 GHz sweep oscillator is externally
modulated with & triangular waveform from o function generator. The amplitude
of the triangular waveform determines the frequency swing around the carrier

frequency (FM bandwidth, Af}, and its frequency, fm’ determines the IF frequency
25
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of the return from a target at a given range; or alternatively, for a fixed IF

frequency, fm ond Af determine the range to a given target:

where fi is the IF frequency and c is the velocity of light. Since both Af and

fIF are fixed, Fm is tuned for maximum power return.

4.1 Transmitter

The RF signal power level at the output of the sweep oscillator is shown as
a function of frequency in Figure 15. Cable loss over a distance of 100 feet between
the sweep oscillator output and the TWT input (sweep oscillator is housed in the van
and the TWT is on top of the boom) is also shown in Figure 15, Though the input
power to the TWT varied by as much as 4 dB across the 4-8 GHz range, the power
level was large enough to saturate the TWT, thereby producing an almost leveled
output of about 42 dBm (shown in Figure 15). The local oscillator signals to the
rador and the radiometer receivers were obtained at the output of a "T" fed by a
30 dB directional coupler, The main TWT output signal is connected to the transmit-
ting antenna through a series of switches (the function of the various swikches is

discussed in a later section).

4,2 Receiver

At the output of the mixer, the IF signal is fed to a 40 dB amplifier through
a 50 ohm attenuator. The attenuator was used to protect the amplifier against
saturation when the input signal was too strong. In practice, the attenuator was
set at 20 dB for look angles of 0° through 40° and at 0 dB for the larger angles. The
amplifier is followed by a band-pass filter having a center freauency of 87 kHz and
5 kHz bandwidth, which in turn feeds into an RMS voltmeter.
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4.3 Switkching Modes

Switches 1, 2, and 3 and the transfer switch (Figure 14) allow the
operator to pick any one of 5 possible modes: HH (horizontal polarization on
transmitting antenna ~ horizontal polarization on receiving antenna), HV, VH,
VV and delay line calibration. The function of switch #1 is to switch all the
transmitter power into a lood during the radiometer operation; the isolation between
the common port and the disconnected port is better than 80 dB. An additional
80 dB isolation is obtained by connecting switch #2 to port 3 (delay line).

All switches are of the mechanical type, controlled remotely from the
van housing the electronic equipment. During the radar operation, the transfer
switch acts like a SPDT switch connecting ports 2 or 4 to port 1. During the

radiometer operation, the antenna is connected to port 3 via ports 2 and 4.

4.4 Calibration Procedure

Two types of calibration procedures were incorporated in this investigation:

(o) Delay Line Calibration: As shown in Figure 2, a 100" delay line cable
is used to bypass the antennas via a pair of switches at the transmitter {port 3 of
switch 72) and receiver (port 2 of switch #3) lines. This, in effect, allowed us to
internally calibrate the system in a closed-loop form independent of the antennas or
the outside world; any slow, but acceptable, variations in the system performance
would be calibrated out. The procedure was repeated before and after each data set
which corresponds to approximately 20 minutes.

(b) Luneberg Lens Calibration: An Emerson and Cuming Model 2B-10%
Type 140 Luneberg Lens was used fo convert the data gathered from relative to
absolute values. The lens has a spherical cap reflective metallic surface subtending
a spherical angle of 140°, thereby producing a reflectivity pattern which is a
constant over o wide angular (conical) range; the 3 dB points are at about + 65°.

The theoretical backscattering cross section of the Ecco Lens is given by:

34
U-_—_ﬂ_fi?_[_ (6)

where r is the radius of the lens and ) is the wavelength. Cross section data

measured by the manufacturer indicate very close agreement with theory over the
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4~8 GHz band. This calibration procedure waos repeated approximately every two
weeks. In addition to using the lens as an "cobsolute" calibration, any misalign-
ments in the two antennas occurring during any two~week interval would have
been observed. Fortunately, no such problems occurred.

Though metal spheres have been traditionally used to provide absolute cross
section reference data} the Luneberg Lens hes one main advantage: larger back—
scattering cross section. The Jens used in this investigotion is 9" in diometer; its
cross section at 6 GHz is about 200 (23 dB) times larger than the cross section of a

9" diameter metal sphere (o = TTI'2 for £/ >2), Figure 16 is a photogroph of

the system during ca!ibrqfio:}?h?l'rlfe lens is shown hanging to the side of a windmill;
three strings tied to the outside dieleciric frame around the lens are used to keep
it in place. The stability of the measured return was observed to be better than
+0.2dB. Upon moving the lens out of the antennas' main beom by the atteched
string, the signal level dropped by more than 40 dB. This cssured us that the

windmill structure had no effect on the calibration data.

4.5 Dynamic Range and Sensitivity

The dynamic range of the system, fested in the delay line calibration mode,
exceeded 80 dB across the full 4-8 GHz range. The primary use of the TWT
amplifier was not so much to increase the transmitter power, buf rather to act as
an amplitude smoother. By saturating the TWT input, the amplitude modulation on the
frequency swept RF signal were damped by more than 20 dB. This was very important
since it was discovered that AM "noise" (detected local oscillator signal) represented
the major undesired signal at the receiver output., The amplitude spectrum is o function of
the sweep oscillator output power variation with frequency, Af, and f+ Since
the round trip range to the target and back is as short as 41 meters at normal incidence,
fm has to be cbout 700 Hz, Without the TWT leveling effect, this results in a
large signal level af the IF frequency.

By measuring the tangential sensitivity of the receiver, an equivalent noise
figure was calculated. It was found to vary between 16 dB and 18 dB across the
4-8 GHz band.

w®
Including the earlier models of this system,
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4.6 Scattering Coefficient Measurement

The received power from a distributed ground target Is given by:
2 o

_ PG G Moy
Pr= J @)
(4r) RT
where
PT = received power from target
P ' = transmitted power from target
Gr = gain of transmitting antenna
Gr = gain of receiving antenna
) = wavelength
o = average scattering coefficient over the scattering area A
‘ AT = scattering area of the target
RT = range between antennas and target
At the same wavelength, 2 , the return power from the Luneberg Lens is given
by:
P.G G )\2‘ o
P = b ¥ L ®)
Hence,
4
PT _ oo AT RL :
P, o R &)
L L T

or alternatively,

4
p R
) T oL T
= |5+ 10
o1 (PL)(AT)(‘RT) (10)

In terms of the system itself, after the mixing process, P, and PT are proportional
to the square of the voltages measured by the RMS voltmeter. The data was actually

recorded using the voltmeter dB scale. R/ and RT are calculated from the measured
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modulation frequency, frn' according to Eq. 5. The area AT is governed by the
antenna beamwidth and the look angle for look angles smaller than about 45°

and by the IF filter bandwidth for larger angles. The exact caleulation is shown in
Appendix A. The lens scattering cross section o is given by Eq. 6. Hence, all

the quantitites in Eq. 10 needed fo determine o° are known ,

5, CONCLUSION

The basic design parameters of the radar section of the 4-8 GHz MAPS
system were presented, In addition to providing large amounts of data on the
scattering coefficient of bare soil and agricultural targets as a function of the three
bosic sensor parameters frequency, polarization and look angle, the MAPS system has
served as a prototype for more sophisticated versions which can cover 2 frequency

octaves and completely computer controlled. It is anticipated that two such systems
will be completed by June 1973 covering the bands: 2-8 GHz and 8-18 GHz.
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CALCULATION OF AREA FOR FM-CW RADAR
INTRODUCTION

This technical memorandum deals with a method of calculating the resolution
area of a FM-CW radar. It includes a complete mathematical derivation and its
implementation on the HW 635 computer.

The mathematics for the problem is first generated by assuming the antenna
pointing straight down and proceeding with an appropriate change of axis.

The area is then calculated using filter cut-off. The last section of the

memorandum includes o FORTRAN IV computer program and a sample data set.

THEORY

Let o and b be the major and minor axis distances obtained when the
antenna is pointed straight down (refer to Figure 1).

The equation of the ellipse is given by

X 4y (e ]
2= %1—-(3%0" M

Let A'B' be the surface generated by cutting the cone with a plane which
is at oan angle & to the plane generated by (1), Let the new coordinate system be
given by x, y, z

We have by transformation of coordinates of (1)

a>

(x cosat - 35ine0)™y Ly; = (xsinec ;1:""" =)™ ¥3)
()

The equation of the curve at z = 0 is given by
x2Sl + g* . (xSna— h)*

3
a*r b2 h, %~ ©

Simple algebraic manipulations yield

X4 Sim

h, (casrfa -—.sm'vf-r ]
[+ =one/h *ccas%/n%sv-ﬁclh*i{] b’[ + 8 «*‘ ]

I_ Cos’e‘/a" Sin' ) A h“(f“"'- -Sm“(

But h] h/cosa and equation {4) is now of the form

(xex')*+ 42 |
A% B8% 36
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Figure 1. Geometric representation of radar beam,
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The new ellipse is therefore shifted by

s“‘ and its new
(- h[m!/a' -Siwk ok p2] ? o) °

major and minor oxis given by A and B are
q

1 -a-_mi&zﬁ}
A s HQ"{" " T he (5)

(co;lac - _;.na.ec.coéc)

ase
and
2 | 1+ 9iniL )
Bz = b 2 - B 2
e o)
The distonces a ond b are given by
- " and = h » tﬁ«h ,2-
Substituting these values into (5) and (6) ond simplifying we have
= h2 tan*®a 9
cost o (|~ taniel tanl6/2)™
and (8)

B® x h* t‘:&w,&'
costa (| - tan % Eand B/2)

Figure 2 represents the radar beam with filter cut-off.

¢y and o, are shown in Figure 2 and defined os

4 - - o
& 2R %) nd aLa_RCH-;fic)

where A f is the bandwidth of the filter in kHz and f_ is the center frequency
of the filter in kHz .

The distance R is obtained by an emperical formula* R = 16200/Fm, where
frn is the modulating frequency in kHz.

*was obtained experimentally
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Let h be the effective antenna height, then the following equations can

easily be obtained.
h= Rcos« _ (9)

Rish/cosCa-8/2) and. Resh [cos(ect 8/%) (10)

k= R251n (&4 6/2) —A (1)
r= Kk-A (i2)
L1 = Rsina -, 2 R (13)
X2 = JAA-R - Rsry . (14)
A < Rsine=- (15)
L. 24 -4 (16)

Depending on the values of X1s Xor ‘1 and ﬂz the following four cases
for area calculation can arise.
CASE I

The filter completely encloses radar resolution (refer to Figure 3). In the

following case

27 b awd 235 La,

The shaded area S is given by

S=NAp
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CASE 11

The filter partially covers radar resolution {refer to Figure 4). In the

following cose

Now
Ge= D'i- 2’ - x[
The equations of the ellipse and filter are respectively given by
(Xk)*+ 32 =/ (17)
Ax )
and
2*ryt. o
(18)
Solving (17} and (18) for the point of intersection yields
G- [kex 2 pa%3ce A2 G290 a3 82 ps) 119
The darkened area in Figure 4 is given by
¥
hecas { Jidns [ g,d%s. 20
¥ v
where
$=8 [I‘ (%'@7"‘ | 1)
.
and

(22)

i« [a2- 5™

41



Defining 0' é‘ Cos‘,( ﬂ-/ q)

(23)
and o (24)
a
we have = 5 (g-)= ©
G .
j’r Y dxa= .;C.‘.'.a [26,-Sn2 eﬂ (25)

Defining 4. CH' [ {r&] (26)

md 0,9 cos” [YK] (27)

we have

(Tgde, - A8 g 260450 26502 8]
T 4

(28)

The shaded area S under consideration is then given by

S-= ma-zj:y,ik* j:h > 29)

CASE IIT

The filter partially covers radar resolution (refer to Figure 5)

. In the
following case 1,72; M\J. A< ﬂa,,

Now
G= L+ x, )

The shaded area S is then caleulated along the same lines as in Case 11 and
is given by

¢
592!{ 4, Ax + 2 9,dx
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CASE 1V

The filter is contained in the radar resolution (refer to Figure 6). In

the following case 1’ < ey M ‘x& < ‘ﬂﬂu

Now

Civb’fﬂ,-di (32)

and Gra. = U4 &) ¥, (33)
The shaded orea S is given by

a2 2 G,
S=
2'.(3. fidx + 2 v 33_4)‘3-“2'::4& ";{ Bdxa.
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Figure 3. Shows filter completely covering rodar beam
resolution {Case ).

NN

Figure 4. Shows filter partially covering radar beam
resolution (Casell).
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Figure 5. Shows filter partially covering radar beam
resolution (Case IiI).

Figure 6. Shows filter contained in rodar beam
resolution (Case V).
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F.ORTRAN PROGRAM FCOR AREA CALCULATION

The pages following this appendix contain the FORTRAN coding for the
area calculation.,

The program is compatible to the HW 635 computer and requires 15K memory
The User's Guide is provided by comments within the docimentation of the program.

The program listing is followed by an example of raw and calibrated dato
for one typical data point. An entry of 100 indicates that the measurement for

thet particular frequency, polarization and angle was not taken.
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5 THy WARD, TITLE FOR DATA POINTY

Te FOILLUWING 2 INTEGER NUMIERR ARE PUNUHED ON YIS CARD O 4
FREE Fulmal,

L 87, uond, BY e71HPlvYING RADAR DATA )

2 AU, wnoxP, FIELD NUMBER
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C FORMAT FULLOWING THE SEQUENCE.
G-

_5 0 LODK ANGLE,FREQ 4,7(POL AH,POL HV; PDL VYV, POL VH)
M '?EP

o 0 LO0K ANGLE,FREQ 7. 8(PAL WH,POL WYPOL YV, PO vyl
€ REPEAT ABNYyE FQR REMAINIG 6 LOOY ANGLES)
c

c NOTE, It MORE THAN ONE DATA PUINT IS BEING FED 1IN
i o t!.FL_NuﬂFLL ST .43 T

c SHOULR SYART W{TH & TITLE GARD aND THE ABOVE FORmaT SHOULD RE
i ;"n { I"Il.u"!’LI

¢

¢
2 > NTS
c SCRATCH FILESY NONE
c _SYSTEM annnujrm"q LSED, FEMT
c NEMORY RunuIRCD. 11K
'I

NIMENSTION ITITLE(R) 204,10, 8),IAVGLE(E’aFMlBJpFHEQ(IG’.D(B 190
$Lh!GNAnr

ﬂATA(POL(KYJ KYzi 4)/3H HH.Sd MY, 3H YV, gH VH/

DATA{IANGuEtK);H-}nﬂlfﬂ 10p20.39.40 5“’90‘73‘
. p - U - - 5 - =19

i . ] 7

$525,8,927,2, =27 6/
INTF! 2 INTET] «1
NF =0

SHBRAREIRRBRABERPRBTERRBEBEI RN BN SRR FRT RN RSN gER BB BOBRA B S
PASIYTION TAFE TN CORIECT EI1LE,
LA AR EFEEEER S LE RS EE LY EEEEFEFE DY AR ELELE RS LY YRRy -y

P<!1C1P

READES;L05) ((VLUL )2 d®L,10), 151, 4)
WRITE(S, J0R) erzdrI! I-1.1nx

108 FORMAT(1H1.24X,' LENSE CALIBRATION'///15K, 'FREG',
FERCE N T DR R A
A1 29 l=s1,4
WRLTE (G, 1033 LA R ATE WL 21,130y
29 CuNTINyE
1058 FORMAT(IOFE 1)
WRITE (6,237 (FrEW(]}
Wt TE{R 158 Vn1;11.
el IKK 1, NUMF L
20 1002 I=1,:50
LIS BETHIP
4002 CONTINUE
no 19801 1=1,4
ng 10901 js=i,190
ng 1061 II~1.5
281l 113400,

|- ™
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1001 CUNTINUE
gall FEMT (5, 1T1T 5, YN2, 16M)

ng 751:21.8
Fr¢ly=1FMLly
79 CONTINUE
0917 123.4
DA 47 Jeiai0
12 _ vF(l,dysviqladesvD20)y eyl ly
nd 2 11=4,8

###&ea»nuﬂﬁ«h#ubn#ﬁﬁn#puaﬁnn*u*s#ﬂnnﬁu*nﬁ#ﬁiﬁﬁhfﬂ*nﬁuuaﬁaﬂnu¢h#
BEAD iy DOATA
ﬁﬂ%ﬂﬂﬁﬁﬂ##h#**##ﬂ*i*!ﬂ“ﬂ&#ﬁ#ﬂ%ﬂﬁﬂﬁﬂuiﬁ##ﬁiﬂﬂ*##“ﬁ*ﬂ*ﬂﬁﬂ&ﬂ&iﬁ*##

pxuﬁt1P

CALL FFMT{5,2(1,1,11 1}
2 oONTINUE

ANTHT=22,0

S N R E T R R S TR TS A L AR R AR RS AA A LA AT TR Y LR
BEINT QAT QUT
HOGBRERQ RO RRUROLRBDORBG U TR EB R RO dpaa RO BROR RN E RGN B Bab Rty

3 O RN

WRITE(6,201) ITITLELSY, ITITLE(2), ITITLE(4?ITITLE(S)

101 FURMAT(IM1o21Xs1 RAJJAR DATAPIIILISXAJDATF':EXJ15114X[|FL:JD;Nn.]
101%, 16, 14X, 7CROP I YBEN 41X, 16, 14X, 1 DATA SET NGO, 12Xy 16/7/
i}?Ya'HADAR RETUaY (R4 /)

HIYF(&,lS?) (FIEW(1),1=1,10)
487 FOTMA e 'OELA NE CA| [ER NP/ g2 FREY
$/79 h
MR YTECA 18R] (Vn2IK) K= ,10)
158 FOUPMATLIM e YOUTPUT LEVEDBY Y 210(1XeF5013277)
_ Do % 11=1,8
WRITF(6,102) TANBLECTLY ,FMOTT) , ANTHT y (FREQ(1), 121,10

102 FURMAT(QHO, 5%, AwitﬂNA_ANGL:'.éx 12.2% k.'FM'lé_Jﬁ 220X TAATENNA

RHETEHT (1N MT,1',r 6,247,524, "FREQT ,10(2XeF4,1)//)
D& 1zir4

MRtvECe,103) poLtL), Ll g1, 051, 10)
103 Fﬁ“MATr4x:'Hnl 1, aS p 1N 1aFB, 1/
5 cUaTrgys
3 CUNTINUE

CALL AREAL(FMyD,FrED)
2 tTEc6,109) rrp Oy, T=1,13)
109 FURMAT(L40,24%s1 AREA OF RESOLUTION CELL'///746X,
_grFoknr da¢ox , Fa 13/7//)
Py 9 1%3,8
W2ITE(6, 106y TANGLELT), (00,00 g=1,10)

106 FORMAT(1X, 'ANGLFv, 1%, 12,10F6,1/)
Q@ CAMIInJE

PHI=3,1496
RANzA Sep 5440, 01
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RRE16200,0/7F¥ (111
DO 7 lzisdr?

Do 7 J=i,10
ALAMDA=0 J/FREQ

L.1)
SIGMAL=4,0ePHIs EHI*P“I#(BAD**4)/{ALAHDA#ALAMQA!

$4101#ALOGLO(SIGMALI=104 #ALOGLO(D(IT?d))
12 rnnmwaqun 2540343

-------

UQ i 1l=

xvr;zi;+4+;;1;rtux7.: 11

b!GWAﬂ(InJ'IlksinMAU(IKEIJ-IIJ+XXF
CANT I MUE

By 62 [1s1s8
M 82 g=1,18

I=2
1¥z4

xl 10,un (S5IGMA0C] }
e

1)
x°zlp,ee(SlaMAY 11

1-;\

10
21

1.')-

rde ]
Keuls

xz—{x*+x2>/¢,
SIGMAG(Y, J,tT)aa.0g1Qdy3deln,

AZ

STGMAG (IR0 [11=8LN015(X3I#10,
GANT INWE

107

WRITE(6,107)
FORMATt1HO,24%,v SI3MAY OUTPUT (TSTING t//7/)

ne 8 11=1,8
WRITE(6,102) [ALGLE(ITY, FMCTYY  ANTHT, (FREUC]),12L1,10)

mJ lE I:_Lp492
uRITE(R, 1033 por () (grpmanly i Trd, ys1,10)

CONTINUE
WRITELO,132) (S1ua042, 4, 113,051,101

137

FARMAT(1X 'CRAOSS 141X, 1nFe 1/)

2 CanNTINIE

e dbdb b a & dr G S g 413

WRITE DATA ON TAPE
ST S T I Y ST TR TT R VL LIS ISR E T IS -T U —

ahoapa

Ll TE¢ 43,1593 ¢1T)TiFygT1) 1%1,9)

152

FORMAT (5140}
Sl tl=4.5

30 51 1=21,3
bR r¢t41,1e£) (slamManel, J, 11y, s1,101

160

rucMAIglx,iar7.1’

161

SOMY INGE
HRITF(43,161)
FURMAT (1 x, 'poonprenoospunntoppnouakipostitotgasptpsphonygnant)

cdMTImUE

INTF Il = A TEL)] =1

MUME TLENUMFIL$TNTR TL
WRITE(6,30%) [TITiF(2y, NUMETL

104

FOPMAT (1RO, LX, 1 TOTAL NUMBER OF FILES ON THE RADAR DATA TaP" AS OF
$ TADAY (DATE O :QJv Y Ig 1,16%

RETURN ' '
END : 50




SUBRDUT I zE ARFAY (r M, ARFACE])

DIMENSION FM(8),ANEA(B,10),F¢10!

Hh] TAF -7 §
Ty

DO 1 1210,50,10
THcli__I_—- 6

THETA= (THETL#3,141637180,
BETAESFINI(FREDY

BETAH=FINZ2(FRER
xIANPF-rSIMrHFTAFIE ay/rrnﬁrqprnpjz 3y

XTANRH—(SIV(BETA1/2,33’(CQS(QETAH/2,})
111740

R=16200,/FM(1])
HeRsCNS L THETA)

Bz (HaxTANBH)/Cns(1HETAY
ASIHAXTANBE) /0AS THETA)D

YY=(HEH=B#BEG[N(THETA)SSIN(THETA))
P ¢],EQ,10) GO 102009

U TO 3000
2000 rAPASA

CARBEB
CaLl XEULYL (A, B,i2H| THETASFREN, TT 4, AREA)

G0 O ¢
3000 CARPE=SORT((Heed e ¢XTANBHua2) /C(COS(THETA))RW2)nYY))

CAPASE#HBH/ (COS( JHETAY&YY)
THEA=THETAYRETAF#2

THEZ2=THETA- BETAEIE,
Er=H/Cast THE1)

K“RE#SIN(THEiyﬁbAPA
Rlzu/coe(THEE)

GAMMA = AK=CAPA
Al 3ZReSIN(TMET Al =GAMMA

AL2z2.%CAPA=AL Y
ALFA1-Eg{1,;nhiTAr/(? HEC Y}

ALFAZzRe (L, ¢ DELYAF /(2 #F L))

1reabpay BT HoaMy, ALFA? s, R2y 20 Y0 4uny

Lo TO SODU
dpan Call XFO|t (CaPA,CaPRIPAHT JTHETA,FREQ 1], JaAREA)
G To 1

5020 wl= =R STUtTHETAY

eSURT(ALFAds AL Faladury
daaPﬂSIh(THETAI*aJRTEALFA?*ALFAd=H“H)
1P ex1.,GT ALY AMG . x2 GT A1 2) 00 Tn 1004

CALL XHALF(CAPA,CAPR)THETA, FPEL!&thALE!!l!XZ!Ah!bAMMA;II.J;AREA)
g T0O ¢

1691 CALL XFULLC(CAPA.CAPR,FH]I,THETA,FREQ,IT],J,AREA)
1 o T yglle

RETURN
FiN
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SURROUTINE XFULL (GAPALCAPR, PHT, THETA,FRED, T, d,aREA)

; TTPT TP g
e TH1S SUBROUTINE CALCULATES THE AREA FOR GASP 1

P WY

C
"‘ G L, o)
AREA(17Jys PHI#CARARCAPB
QFTUQ!\' -
EmMD
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SURRAUT INE XHAEF(QAPA.GAEB¢IHEIA+£BEQ+LELLAL§.XiJXZ.AKfGAMMA,!.J

§ SARER)

#uuﬂ%3%&bu&&aunnﬁ»u%puuuﬁ*#«b*#u#n*nnn##ﬁ*#u*nu?uuﬁuuagu**.npﬁig

TH1S SUBRROUTINE GALGULATES THE AREAS FOR CARES 2,9,4

O oA 3 G

*ﬂ#ﬁahﬂ&n*wuoﬂnaﬂ#ﬁnnln»uﬁuﬁ*ﬁuuﬁ#&#aﬁ?#?i?aéﬁuflﬁn%*%&&on#u»ﬁﬁa

NIMENSIDON AREA(H,33)
KLJ*J

=HAMMA+AL L= X1
IPIYl groalloawn w2 LT a2y GzoAMMAtsl 1rx2

$utﬂApBaCA:a'cApA»;ApA,>,;¢CApaﬁCApa ChPAnCARA)

THETL= cTH:TA»le.;fs 1416

RTF'(QQQ?(LAPA&,AgA_‘SIgAKIﬂiEI]zﬁAHS!S] «AK1)
IF{S1,3T.AK) 49 10 1pol
g TOggnp -

01 THOTAZ=ATAN(RTF)

4n TO 4003

1022 THETA2=:3,1416= ATAN(QTF%

1003 FI?ST-([LA?A&GAHHJ*(E 65 14162 yTHETAZ#SINCTHETAZ) )Y 22,
THETAL= ATAM{SQﬂTtunG-S:nGI)/QI)
SEFOMDEGeGe (THETAL=¢SING2 STHETALYI/2,Y
TFiX1,LT, ALY, AN, x2,GT, ALZ) G0 To 1002
TF¢X1, a7 AL, AN, x2, LT, AL'2Y 60 TD 2001
no TO 3000

o4nan ARTAlL L A)=3, 14*\ﬂuAPAﬁCAPB-AHS(FTRQT)uAﬁS(StFDND)
U T RQ00

2000 ﬁH“A(T;l}=ﬁﬂ5(FTR§T!*AﬂS(SFﬂQHﬁI
ng T 9ubd

3aan £1=F1RSY
aze3eclyp
TE Wi bLuEN, LY (37 T 5080
G0 TN 3300

A000 aazAl
AG3AR
a0 0 72000

Bonn ARFA(L,J)=AB3 (A1) «AHS(ARY-ABS(AS)-ABS(AY)

g 10 ouaz

7000 G=TAMMA+ALL*XZ
VL”=K1M+1
G Ta 5503

0000 pETUTM
Fr

WoRpS nr MEMDRY USED wY TH1S covPILATION

23




_FONCTION  FUNASF)

c
Vi (YT TE ;
c - 2
L TA1S FUNCTION SU<ROUTINE UISES AN IMPERICAL FORMULA T
E_ CALCULATE 'PHL+ {N DEGREES
£
L

nﬂiuuﬁﬂuﬁ*ﬂ%ﬁ*n###*»*#u»*#&aguuui*ewﬁﬁﬂﬁ#{##H&G*ﬁﬂu*aiuu*unugugg

AZZ,256,4/F+38,4/(Faf)
_FiNi=Ag87 3

KETURN
EMD
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FANCTION FUNDEFY

L LY TR XY E

TAIS FUNSTION SUSRQUTINE USFES an IMPERICAL, FUORMWL A TO

CALCULATE '"THETA' [N DEGREES

tEt N icis e Re el

LA ELEREEE-EAE ENELALEE LESEI ST YR TT AR AL LY L L3N R R R WA, S S

AFS,7<38,8/F+124,0/(FeF}
EN2zA/ET X

RETURN
EAD
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RADAR DATA
DATE 90472 F1RLT NO, Vi CHAP TYPE
BATA-S&T- NG 23
RADAR RETURN (DAM)
DELAY LINE cALIBRATION
FREQ 408 4,7 5.1 2,9 519 6,3 6,7  7VL 7,5
QUTPUT LEV(D3S =13,0 =16,3 =13,2 s19,0 =29,7 -23,1 =22,3 =24,6 =30,0
ANTENNK AHGLE n F 120,90
FRER 4,3 4,7 5,1 5,5 5,9 %,8 6,7 7,1 7,5 1,8
POL HH 51810 :16|’1 slslﬂ :lﬁ.ﬂ ;15.{] "20,: -19|O ‘317.3 1:‘]8'9 160'0
L) : - I 2 K 4! E,.‘. f L i [
PolL. vV =18, <=15,1 =19.0 15,9 =22,0 19,0 =18,0 =20+ 10040 10040
Pol VW w2B.n <21,9 224,10 221,90 =¢4,0 =270 25,0 220,12 1490,0 1040,0
ANTENNE AdGLE 10 £ Anlt,ua
FREQ 4,3 4,7 5,4 5,5 5,9 6,3 6,7 7.1 7,5 7,8
Pol. HH w219 225,71 27,0 222,39 2¢7,3 «34,0 =35,0 = 40, ¢ I
POL HY  =23,9 =251 =29,0 =29,0 =41,0 ~43,0 -456,0 =33,3 190,0 100,40
POL VY w2l,) =33,1 =22,0 «23,0 =»835,0 =36, 35,0 27,0 193,03 130,0
POL VH =23,3 =22,% 25,1 229,17 =41,0 =43,0 =45, =83,0 1v0,0 190,
AHTENNA ANSLE 20 P 522,99
FREQ 4,3 4'_7 5.1 5,9 5,9 6,3 6,7 7.1 745 /.0
PoL  HH  =26,5 <20,17 523,2 =25.0 =¢2,8 =28, 34,0 =45,0 190,0 LU,
_POLHY =29.1 <22/9 =3),3 +28,5 49,5 =35,] ~42,0 =48,9 140,39 1734,
POL VY =24.1 .:22!’5 =18,% =21.4 ;47,5 22,8 «36,0 =47,7 100,y 10U, 0
— POl VY 226,93 =25,0 928,06 =27,7 s52,) =34,% =445 =47,0 190,0 100,30
_ANTENNK ANA(LFE 31 £ 242,40
FREG . 4.3 4,7 543 5.5 5,9 A, [ 7.4 7.5 /.8
POL HH =25,9 =24,9 526,00 =24.9 =¢7,5 =81, =38,0 =58,9 190,0 100,0
POL HY =33,2 s=26,: 232,90 =382,0 =21,0 ~33,0 =45,p 238,10 100, 1gV,7
POL_ VY =24.,9 =27.5 526,90 =22.9 =g9,9 =29,5 ~=%0,1 254,13 199,48 190,0
PoL VH  =27,9 =23,5 =31,0 -33,0 =99,0 ~35,0 ~47,0 =60,0 1J2,0 1y0,u
ANTENNE ANGLE 41 Fid 374,49
FRED 4,3 4,7 541 5.5 5.9 6,8 6,7 7,1 7,5 7,3
Pob HH  «26,9 =24,1 25,0 =25.0 26,0 ~24,0 =33,0 =44,7 140,0 190,4
pal HY 2270 <352,1 530,00 =32.0 =04,.] =379 =36,93 e50 0 190,10 1, 0
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POL VvV =24,0 =28.,7 225, 0 %20,0 =43,0 -29,0 =28,0 44,0 100,90 100,0
Pol v ~?1 0-=31,40 29,3 =32,0 533,00 =36,0 =36,3
AHTFNNA ARIGLE 510 EM %R@:Qﬂ
FrREQ 4,3 4,7 LI 5,9 5,9 4,3 6,7 2.1 7.5 7,48
PRl HH =2 529,80 = = 1 = - - ‘ )
POL  HY =33,0 =36, ﬁ v32,0 =31.0 51,0 ~40,0 =39,0 =53,9 100,0 109,0
Pal__ yy w28 -3 E?R D @A, 0 =23,0 = 48 9—100,9 1000
POL, VA =32,0 #35,7 =30,0 =34,0 43,0 «39,0 =39,0 251,0 100,90 1uu 7
ANTENNE ANALE 60 Fi 459,00
FREQ 4.3 4,7 5,1 5.5 5,9 643 647 7.1 743 7,8
POL  HH  =36,0 =34,2 32,0 31,0 =92,0 =34,0 =32,0 =35,0 190,0 10U,0
0 = A= =237, ' 39 .1

1nn 0 1nﬂ 7

\ VY =30, #32,& :
PaAL VM w34 g 37,0 335
ANTENNE ANGLE 20 ) 315,40
EREQ 1,3 4,7 5,1 5,5 5,2 A3 6,7 7,1 745 7.8
“ ; an L]
Pal. WY 108,08 100," 10g8,0 139,0 193,08 100,29 130,0 100 G 109,98 120,90
POl VY 106.0 1097 00,9 108.0 1G2.0 100,23 10p.0 150,00 190, 01000
Poil. VH 100,29 109,7 100.0 100,17 10G,0 109,09 120,00 100,0 100,89 10U,0
ARZA P RESOLYTION CELL
FRED 4.3 4,2 8, ST WL T D W Z 7 1,5 7.8
ANGLE 0 81,5 695 62,1 57.% 24,8 53,2 52,4 52,1 22,2 DZ,°
ANGIE 4D 1,0 n, 0 D.7 1.7 Db 3.5 IS S I 0,6 0,7
ANGLE 20 L,2 0,2 f,n 0,8 2,7 3,7 C,7 6,7 0,7 U, g
ANGLE 30 1,5 1.3 1,1 1.7 1.0 1,9 1.0 1,0 1,9 1,0
AWGEE 40 211 1!7 1:5 Ly 113 113 1,3 1.3 1!4 ;'4
ANGILE 28 3,4 247 2.4 242 2,3 2.1 2.1 2.1 2.2 2,2
ANGLE 60 6,3 5,7 4,6 4,3 4,1 4,1 4,2 4,3 4,4 &,
ANGIE 70 9.6 2,4 3.5 945 9.5 2.3 I 8,3 Byl 7,9
SIGMAl arpuT | 1gTIMG
ANTENNA ANSLE 1 F 1 109,90
FREQ 1,3 4,7 5.1 5.5 0,9 6,3 6,2 7.1 7eh J.8
Pl HH 5.4 A7 9,2 13.7 17,4 13,5 45,3 15,3 141, 141,9
PO, vV 7,4 97 8,2 14.7 12,4 14,5 16,3 =18,3 141,) 141,Y
Crass =28 1.6 2.7 7.3 "B,4 7.0 9.3 229,33 149,73 141,49
ANTENNS A4A1LE 10 FXM And, 3]
FrREQ 4,3 4,7 Y] 5,5 5.9 _ALX by 1 A 7.5 £t




POl Ml 1% 9 =

, 2 =18,5
POL vy =13,9 =11,5
16,7

CrOss =18 .8

~20,6 18,9 543.5 122,6 123 5

59,1 n49.5 122,68 123, b

Y

ANTENNA ANGLE

FREQ 4

3 4,

POl HH =28 .7 =13,3

*B?-1°4

POL VYV 18,7 ~15,%

CrQss 22,0 =16

'9 e ELZ @
=1§L2_=lb 2 “?ﬁ41

-7 2 =19,7 =63 3 132;5
26,7 63,8 12,8

ANTENNE AMGLE

M

ERED 4.3 4,7

POl HH -19 =218, 7 u1ﬁ.1

PoL vV '“18 ? <2N, 9
Censs 22,4 -191W

qlé 1
w91|6

'12 9 -?5 1 569 8 1&3 4
-?glﬂ

ANTENNA ANGILE

49

£

FrEn 4.3 4,7

5.1

b,7

POl HH =19,9 =16, 1&ﬂiﬂ+ﬁ__12.3

PoL vy -1? 9 =20,4
Cruss -20,% =23.

=15,8 =595 143,7

124, 2

=-10,8 =259, 5 1d3 7

n18

129,5
12315

ANTENNA ANGLE

F i

FREQ 4,3 4,7

[+ I

POL. HH =21.,4 =21,

17,4 =8 .0 124, %

PoOL vy =2%,4 =27,
gRO8S 25,9 <27,

=9,8 sid,1 =18.1
15,3 -20.6 «p3.,4

-16,4 =610,2 124,14

ANTYENNS snbc|

EM

FRED 4,3 4,7

H,7

POL  MHH ®27 .4 w22,
PoL WV "21,6 =22,7
CRQSS 27,2 =27,2

=21%,.7 =
w17,7

A28

514,5 =155 =32.9 =48 6 125,5%
213,% -13,9 <11.,9 md5 .5 125,6
:;9.3 ~19,4 «37,3

mb1.4 125,6

_ANTENNA ANSGLE

FrEq 4.3 4,

POl HH  112,9 113

42,2 129, 3

. -

¢5J L s

PoL vy 112,99 113
CRQSS 112:9 113

83,9 129,

léJ 3

16;»0

NASA-JSC






